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ABSTRACT
The Kishenehn Formation, a sequence of over 11,000 ft (3,350 m) of synorogenic deposits, has yielded fossils that include microfioral
and megafloral remains, mollusks, insects, fishes, and mammals that suggest an age range between late Eocene and early Miocene.
Radiometric dates from the deposits in the Kishenehn and South Fork basins are within the Oligocene. The fossils provide evidence for a
climatic transition from sub-tropical 1o warm temperate conditions and development of several new taxa.

INTRODUCTION

The Kishenchn Basin of northwestern Montana and southeast-
ern British Columbia is a narrow half-graben 95 miles (150 km} in
length and ranges from about one 1o cight miles (1.6 10 13 km) in
width (Fig. 1). Geographically, the basin has been divided into two
regions, the North Fork and Middle Fork, each named after the
branch of the Flathead River which cuts through that part of the
basin, The smaller South Fork Basin, located to the southwest of the
Kishenehn Basin, is a narrow graben about 45 miles (70 km) in
length and commonly less than two miles (3 km) wide, Preserved
in both basing are synorogenic, basin-fill sediments that attain a
thickness exceeding 11,000 ft (3,350 m) in the Kishenehn Basin
and possibly 5,000 ft (1,500 m) in the South Fork Basin, These
grabens systematically subsided and accumulated nonmarine
sediments of the Kishenchn Formation during the Eocene(?),
Oligocene, and Miocene(?); hence, a complete and uninterrupted
stratigraphic record for that interval is preserved. The Kishenehn
strata exposed along cut banks of the Flathead River system
typically consist of interbedded conglomerates, sanistones,

siltstones, mudstones, marlstones, coals, and oil shales,

The first report of fossils in these rocks was in 1912, when Daly
found mollusks along the North Fork in British Columbia. Later
paledntologic examination has produced additional mollusks as
well as mammals, palynomorphs, and megafloral remains (MacK-
enzie, 1916; Russell, 1952, 1954; Ross, 1959; Hopkins and Swees,
1976; McMechan, 1981). The paleontologic work discussed here
began in 1967 along the North Fork, and was extended to the
Middle Fork region after geolegic study by Constenius {1981)
revealed the extent and fossiliferous nature of Kishenehn deposits
there, These investigations have produced extensive collections of
fossil mammals, fishes, insects, gastropods, ostracodes, bivalves,
palyromoephs, macroflora, and such rare fossils as bird feathers
(Figs. 1 and 2).

The South Fork Basin has been less completely studied. A
radiometric date of about 29.9 £ 5.3 Ma from a tephra indicates an
age comparable at least in part to that of strata in the Kishenehn
Basin. So far, significant fossil localities have not been found in the
South Fork Basin, but our work there is continuing.
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Figure 1. Generalized geology of the Kishenchn and South Fork basins with localities of fossils and age dates indicated.
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GEOLOGIC SETTING
Structure !

Previous studies by Constenius (1961, 1982, and 1988),
Mchdechan and Price (1980}, Mchechan (1981), and Price [1965)
have thown that the origin of the Kishenchn Basin was related to
diggdacenent on the Flathead listric normal fault system, which
arders the Kishenehn Basin to the northeast (Fig. 11 The Flathead
system consists primarily of three fault segments: the Flathead fault,
the Blackeadl fault, and the Roosevelt fault, Displacement on the
Flathead fault system increases symmedrically from the termini of
the faults bo an estimated 9 miles (15 km) of morne along the medial
part of the fault system. Similarty, the thickness of the Kishenehn
Fosrnalion ranges from appeoximately 3,300 ft (1,000 m) near the
end-points of the basin bo an estimated 11,000 1t (3,350 m) in the
center of the basin. Henoe, an increase in displacement along the
Flathead systern is accompanied by proportional increases in basin
width, displacement on antithetic faults such as the Myack fault,
the thickness of Kishenehn sadiments, and the total amount of
extension across the basin.

Fusthermeane, Constenius (1982, 1988) and McMechan (1981)
have demanstrated that the structural position of the Kishenehn
Basin with respect to the Lewis thrust fault is not coincidental, bat
reflects the commaon tie betwesn these geologic features. The
structural framework of the Kishenchn Basinowas dependent on the
configuration of the Lewis footwall ramp, which in tum controlled
the amount of digplacement on the Flathead fault system.

The South Fork Basin is also thought 1o be reoted structurally 1o
the reactivased segment ol the Lewis thrust fault, Becaugethe basin
has yetio be sudied in detail, a tecronic understanding of the South
Fork basin remains 1o be established.

Previous work by Constenius. (1981), Constenius and Dyni
(19831, Mchechan (1981), MehMechan and Price (1980}, Jones
(1969, and Price (1965) provided an understanding of Kishenehn
sedimentation and stratigraphy, and documented the great diver.
sity of lithologic types and associated fackes in the Kishenehn
Formation, in which deposits range from megabreccias and con-
glosmerates 1o ol shalps, Sedimentary structures, facies relation=
ships, provenance, paleocurment directions, and the characteristic
“reverse drag” exhibited by Kishenehn strata indicate that dis-
placement alang the Flathead fault system conirolled, and was in
part coeval with, Kishenehn sedimentation. Crientation of imbari-
caited clasts in alluevial fan sediments indicates that detritus origi-
nating in the uplifted footwall terrain of the Flathead faub system
was fransponed to the sowthwest and deposited in the structural
depression produced by the subsiding hanging wall block (Fig. 1).

The Kishenchn mum‘ﬁ#ﬁﬁmrxﬂy di-
vided into three informal members (Fig, 31 11 basal member, found
in the North Fork Region; 21 Coal Creek member, found in both the
Middle Fark and Narth Faak regions; and 3) Pinchol Conglemerale
member, which is best exposed in the Middle Fork region (Con-
stenius, 1981}, Probable eguivabent units in the Canadian part of
the Kishenehn Formation are the basal member, lower member
anud upper member, respectively (Mchechan, 1981).

Strata of the basal member are found only in the Morth Fork
region, and consist dominantly sandy conghomerates interbedded
with subordinate pebbly sandstone, carbonaceous mudstones,
and coals. Recognition of the basal member is based primarily en:
limonitic staining which gives the strata a yellow-brown cast,
sheared and pressure-marked conglomerate clases, and aratigra-
phic position, Lithic clasts inthe conglomerates are predominantly
wiell rounded Progerozoic and Paleozoic quadzites. Thickness
estimates for the basal member range from 460 ft (140 m)in Canada

1o an estimated 3,900 ft (1200 mi in the west central part of the
basin, Mesechan (1981) suggested that these sediments ane
sheetllood and channel deposits of a bralded fan system,

Owerlying the basal member are the Coal Creek and Pinchot
Conglomeraie members, These rot ks are discontinususly exposed
albong the Morth Fork of the Flathead River and its tributaries. Rocks
assigned to the Coal Creek member in the Moath Fork region ane a
heterogeneous assemblage of sandstones, silstones, mudstones,
ligmites, oil shabes, marlsiones; and conglomerates. Although the
Coal Creek member is lithologically very heterogeneous, ils status
a5 a member is based on its overall light grey color and fine-grained
character, The estirmated stratigraphic thickness of the Coal Creek
meember in the North Fork region s in excess of 11,500 ft (3,500
i, The Pinchot Conglomerate member is a 4,900 ft (1,500 m) ()
thick szratigraphic assemblage of red-brown colored, fine-grained
and coarse clastic rocks. Interbeds of red-brown and grey, calcare-
ous claystones/mudstones and grey, calcaneous sandy conglomer-
ates characterize this unit, The contact between these mermizers is
ned exposed, but, is inferred 10 be conformable.

The Kishenehn Foernation in the Middle Fork region (Figs. 1, 2,
3, and 4} is divided into the Coal Creek member and the owverlying
Pinchod Conglomerat membes, The Coal Croek member, 3,770 6t
{1,150 mi) thick, is a heterogeneous assemblage of grey colored,
well stratified, sandstones, siltsiones, mudsiones and claysiones,
lignites, oil shales, marlstones, and sandy pebble-cobble conglom-
erates. Coal Creck strata are subdivided intothree sequences, each
bounded by gradational eontacts: a lower sequence, consisting
primarily of lacustrine and deltaic sediments; a middle sequence,
consisting dominantly of lacustrine sediments; and an upper
sequence, characierized by intermixed sedirents of alluvial fan,
fan=delta, paludal, and lacustrine origin. The oil shabes and sap-
mopelic coals of the Coal Creek member have been the focus of
three studies, Curiabe (1987), Curiale et al. (19848), and Constenius
and Diynd (1983], which concluded that they are excellent peiro-
lewm source rocks. The Pinchot Conglomerate member is 2 660 fi
1o 2, J00 i {300 to 700 mi thick succession of alluvial fan sediments
which coniormably ovedie the Coal Creek membser, and are
comgrised of crudely stratified, red-brown colored, mudstones,
sandstones, and conglomerales.

Kishenehnil strata in the South Fork basin {Fig. 1) consist of a
variety of lithologic types, which range from vermilion colored
mudstones to conglomerates. Thick beds of lignite and carbona-
ceous mudstones ane also present (Erdmann, 1944}, but oil shales
and marlslones ase rare. Mudge (1978) has reported that probable
Migcene!f] conglomerates are present in the southemn part of the
basin,

TEFHRASTRATIGRAPHY

Kishenehn tephras are wsually associated with the lacusirine
facies of the fermation. Consequently, the middle sequence of the
Cioal Creek mermber contains numerous il beds, i contrast bo the
other Kishenehn units, whene tephras are relatively sparse. The
thickness of these depasits ranges from thin laminations o beds as
thick as eight inches (20 cm) for the Paint Creek Tudf. Initial surveys
by our group found twenty-one tephiras with a thickness in excess
of ore inch (2.5 cm) in the Kishenehn Formation. Fisskon-track and
KSr dating results are presently available for two of these tephras
[Figs. 1 and 4). These tephras are fine-grained and moderately
bentonized, yielding a cream 1o light grey colored, clay-rich
depasit in the field. Surprisingly, the Paint Creek Tuff of the South
Fork Basin contains abundant platy and pumiceous clear glass
shards, together with angular and euhedral glass-coated phenoc-
rysts of predominantly quarlz and feldspar. The morphology of
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Figure 2. (Preceding pagel Pholo mantage of Kishenehn Basin
geolagy and paleontology. Top Right. View of Middle Fork |,
region of Kishenehn Basin; looking west from Double

Mountain, acress the forested basin foor of the Kishenehn
graben, toward Nyack Mountain in Flathead Range (see Fig. 4).
Kishenehn Formation appears as white colored cuthanks of
Middle Fork Flathead River. Roosevelt and Nyack normal faults
coincide with topographic breaks in slope at foot of Double
Mountain in foreground, and base of Flathead Range near
Highway 2. respectively. Upper Right. Outcrop along Middle ﬂ.
Fork Flathead River (see Fig. 4) showing: lower left, ight-grey
coloved sirata of the Coal Creek member of the Oligocene
Kishenchn Formatian; middie, marsen to red-brown colored
strata of the Pinchat Conglomerate memiber of the Kishenehin
Formation; and, upper right, tan colored, crudely stratified
graveds of the Quatermnany(?) Paola gravel. Note conformable
contact of members and angular unconformity between
Kishenehn Formation and Paola gravel. Kishenehn sirata dip 30
degrees NE. Lower Right. Lower jaw of a new genus and ?
specles of dermopteran (Mammalia; “lying lemur”). Botfom
Right. Crushed Biomphalaria kishenehnensis (Russel 1952) an
bedding plane of thin sapropelic coal, Gastropod zone, middle
sequence Coal Creek member. Top Left. Crane fly Diptera: ;;
family Tipulidae). This family lives in damp situations where
there is abundant vegetation, The larvae are mostly aqualic,
Magnification 2X. Upper Left. Deer fly (% Diptera: family (o
Tabanidae). This is a family of biting flies. The females are
hiood-sucking. Magnification 2X. Lower Left. Locust q.
iOrthogitera: family Acrididae). A subtropical group which in
recent times are known for their periodic outhreaks, in which
they devastate regional vegetation. Magnification 2X. Bottom g
Left, Large lobate Jeal of Macginitea angustiloba. The previous
known range of this leaf was Eocene, but, its presence in the
Kishenehn provides an fmportant range cxtension into the
Oligocene and passibly indicates the existence of a vegetational
refugium in western Montana in the Oligocens,

these phases supgests the Paint Creek Tuff is a primary tephra-fall
deposit derived from a distant source.,

The provenance of the Kishenehn tephras is of interest because
during the Cigocene, between 37 and 24 ma, voleanic activity in
the nosthern Rocky Mountain region was relatively minor com-
pared 1o the major volcanic fields that developed during this time
in southern Utah, Nevada, southern Colorado, MNew Mexico and
wiestern Mexico (Lipman, 1984; Swanson and McDowell, 1984).
However, Chadwick [1985) reports twe small Oligocene voleanic
fields in western Montana: (1) The Helena Field, 39 to 36 Ma,
composed of scattered porphyritic quartz-sanidine lavas, aphanitic
breccias, dikes and plugs, together with some ignimbrites and
tephra-fall deposits; (2) The Hog Heaven Field, 31 to 29 Ma,
comprised of andesites and latites. Although neither field is well-
studied, it is unlikely that the Paint Creek Tuff was derived from the
Helena Field, since this field is too ald. In addition, the quartzo-
feldspathic mineralogy of the Paint Creek Tuff is inconsistent with
the leucite-bearing latites of the Hog Heaven Field, These obser-
vations suggest the source of the Paint Creek Tull must be else-
where, perhaps the San Juan Field, which is known to have enupted
great volumes of dacitic ta rhyolitic ignimbrites during the time of
deposition of the Kishenehn Formation.

GEQCHRONOLOGY

The first fossils reported from the Kishenehn Formation were
freshwater molluscs referred 1o Paleocene species (Daly, 1912).
Mackenzie (1916), howewver, assigned the formation to the Eocene
on the basis of additional freshwater mollusks collected from
limestones. Bussell {1952) considered the formation to be Middle
Eocene in age on the basis of mollusks, but his [ater study (1954)
of marnmalian remains froe the Kishenehn led him to reassign the
deposits 1o the Late Escene of Early Oligocene. Megafloral remains
and molluscs from the Morth and Middle forks of the Flathead River
indicated ages of late Eocene to early Oligocene (Ross, 1959).
Palynological age estimates published by Hopkins and Sweet
(1976} and Mchechan (1981) suggest that the Kishenehn was late
Eocene or early Oligocene and Oligocens, respectively, Written
communications by Tschudy (1980 and Nichols (1981) stated that
palynomorphs derived from the Kishenehn were probably from the
late Bocene.

Daly's {191 2} collections of Kishenehn mollusks were submitted
ta T. W, Stanton, who compared them to thase of the Fort Linkan
fauna. Mackenzie's (1916) specimens of aquatic mollusks were
studied by W. H. Dall, who recognized the genera Physa and
*Planorbis”, and compared the planorbids to Eocene species of
Wyoming and Utah, Russells landmark papers (1952, 14956, and
1964) clearly described and illustrated the molluscan fauna of the
Morth Fark region, and included many new specics, Based primar-
ily on associated mammals, Russell (1954) favored a latest Eocene
age for the Kishenehn fauna, but he made no attermpt to evaluate
the envirgnment of deposition. Ross' (1959 collections from the
Paola Creek area of the Middle Fork region and the Kintla Creek
areaof the Morth Fork negion were exarmined by both T. C. Yen and
. W. Taylor, who came to quite different conclusions as to age.
Yen suggested a late Tertiary to Pleistocens age while Taylor,
examining the same material, favored |ate Eocene to Oligocene,
with one Miocene locality. Taylor (197 5) reevaluated Ross” collec-
tion and reafflirmed a late Eocene age for most localities, with one
Oligocene locality in the Kintla Creek area,

Owur preliminary studies of the vertebrates, a flssion track date of
approximately 33.2 £ 1.5 Ma for the middle sequence of the Coal
Creek member (C.W, Naeser, personal communication, 1982),
and a K/Ar date of about 29,92 5.3 Ma for the Paint Creek Tuff in
the South Fork Basin (Teledyne Isotopes, 1985) indicate an Oligo-
cene age for at least parts of the fermation. The latler radiometric
result is a K/Ar analysis of a whole-rock sample that is highly
bentonized, and thus the reported age should be considered with
caution, The age implications of the fossils are examined more
thoroughly below.

PALEQONTOLOGY
Paleobotany

Fissil beaves and other megafloral remains are common con-
stituents of Kishenehn sediments, particularly in sandstone, oil
shale, and coal deposits, The Kishenefin megaflosa is moderately
diverse but dominated by the platancid Macginites augustiloba
{Lesqueneux) Manchester, which indicates a humid, subropical
paleoclimate. Preliminary identifications shaw that other plants in
the flora include Cercidiphylium, Metasequoia occidentalls,
Fagaceae, Betulaor Alnus, Castaneopsisor Castanea, Populussg.,
Salix sp., and Malus sp. Ranges of the known forms suggest a late
Eocene date. This is not consistent with known radiometric dates
and indicates that the Kishemehn Formation may preserve evi-
dence of a vegetational refugium (Hickey, wrilten communication,
1988).

—
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Nomenclature and thickness estimates for the Kishenehn in the North Fork region reflect both those of the authors for the central
basin, and those of McMechan (1981) for the northern part of the basin which are shown in brackets.

Microfloral fossil sites are widespread in the Kishenehn Forma-
tion, in contrast to significant megafloral localities which are
limited (Fig. 1). Kishenehn palynomorphs are commonly well
preserved and characterized by a small variety of genera and
species (Table 1), SwdieshﬂnNaﬂ:Fodnslonciledin
McMechan (1981) indicated that conifers were the most common

palynomorphs, with Picea (spruce) being is the most commor
genus. The prolific occurrence of conifers, the presence of Juglan
daceae (Carya, Pterocarya, and juglans) and the very rare occur:
rence of Taxodium (swamp cypress) suggest that relatively dry
highlands bordered a basin dominated by lacustrine and paluda
environments of deposition. The presence of Typha (cattails),
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Figure 4. Pre-Quaternary geologic map of the Middle Fork region of the Kishenehn Basin. Significant fossil localities, tephra deposits
and age dates are indicated.
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Azolla (waterfern) and Pediastrum (algae) in parts of the formation
are indicative of paludal depositional environments, Hopkins and
Sweet (1976) as well as later studies of fossil pollen (Tschudy,
1980, Nichols, 1981, written communications) concurred with
this assessment, identifying two environments: 1) proximal poorly
drained lowland floodbasins in a humid, warm temperate to
subtropical climate; and 2) distal highlands with a temperate to

warm temperate climate.

Mollusks
Kishenehn gastropods are locally abundant, faunally diverse,
and the most ¢ of Kishenchn fossils. Planorbid gastropods

are 5o prevalent in a part of the Coal Creek member in the Middle
Fork region, that they serve to define a marker bed described as the
“Gastropad zone® (Constenius, 1981). Except for the smaller

LYCOPODOPHYTA
Family Lycopodiaceae
Lycopodiurm sp.
PTEROPHYTA
Family Polypodiaceae Family Azollaceae
! ies sp. Azolla sp. (megaspores only}
Family Osmundaceae Family Salviniaceae
Osmunda sp. Salvinia sp. (megaspores anly)
GNETOPHYTA
Family Ephedraceae
Ephedra sp,
CONIFEROPHYTA
Family Taxodiaceae Family Pinaceae
Glyptostrobus sp. Pinus sp.
Taxodivm sp. Picea sp.
of. Metasequoia sp. Tsuga sp.
Family Podocarpacese
f. Podocarpus sp
ANTHOPYTA
Class Monacotyledonae Family Aceracese
Family Typhaceae Acersp.
Typha spp. (pollen and seeds) Family Fagaceae
Family Lillaceae Castanca sp.
Fagus sp.
Class Dicotyledonae Quercus .
Family Onagracea Family Loranthaceae
fBorsduvalia sp. Family Altingiaccae
Family Carpinaceae Liguidamber sp.
Carpinus sp. Family Salicacese
Family Corylaceae Salix sp.
Corylus sp. Family Tiliaceae
Family Betulaceae Tilia sp.
Alnus sp. Family Ericaceae
Betula sp. Family Ulmaceae
Family Nyssaceae Ulmus sp.
Nyssa sp. Family Nymphaeceae
Family juglandaccae of. Nuphar sp.
Carya sp. Incertae sedis
Engelhardtia sp. Tricolpites sp.
Juglans sp, Tniporopolfenites sp.
Prevocarya sp. Sigmopollis sp.
CHLOROPHYTA (green algae)
Pediastrum sp.

Table 1. Preliminary list of the microflora fauna of the Kishenchn Formation (Hopkins and Sweet, 1976).
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terrestrial taxa, specimens are usually badly crushed. Preliminary
sampling of the Coal Creek member in the Middle Fork region and
the Pinchot{{} member in the Morth Fork region has resulted in the
identification of a number of new taxa, especially among the
minute pupillids (Table 2). Some limited conclusions about envi-
ronmental conditions during the deposition of the middle and
upper sequences of the Coal Creek member are possible, even
though molluscan specimens fram the middle sequence are fre-
quently crushed and fragmented,

14952

Certain changes of previpusly used tawonomy may be justified.
Taybor (in Ross, 1959) considered Russell’s (1952) Planodis kish-
enehnertsis, the most common large planorbid, along with several
other Morth American Tertiary species, to be conspecific with the
European Eocene index fossil “Planovbing” psevdoammonius
(Sehlotheim 1820). This was based on the wide variation observed
in single populations of the European species. Taylor [1962) later
suggested that conspecificity with the modern Caribbean/South

This survey
Taylor Coal Creek mbr.
1975 middle upper

Russell
1956

Ross
1959

TERRESTRIAL CASTROFODS

Family Bulimulidae
Orecconus? n. sp.
Family Camaenidae
Creohelix sp.
Polygrella sp.
Family Helminthoglypdidae or Camaenidae
Genus and species frdet,
Family Polygyridae
Trigdopsis butsi Russell, 1956
Family Urocoptidae
Holospira adventica Russell, 1956
Holospira n. sp., aff, H. timaulipensis
Urocoptidae indet. (not H. adventica)
Family Arionidae
Binneya antiqua Russell, 1956
Family Endodontidae
Anguispira simplex Russall, 1956
Discus mackenziel Russell, 1956
Family Zonitidae
Hawail, cf. H. minusculs Binney, 1840
Zoniioides!
Zowitoides, cf., Z, arboveus Say, 1816
Ventridens?
Family Pupillidae
Pupillidae indet.
Gastrocopla m. sp. A (G minuscula)'
G n.sp, B (G, leonard))!
G n. 8p, CUG. conica)
G. . sp. D (G, oviformad'
Vertigo arenula White, 1876
V. n.sp. AV whited!
FPupoides tephroides Roth, 1986
F. s
Family Valloniidae
Valloria sp.

-

X

et e 3 R MU S e

X

AQUATIC GASTROPODS

Family Valvatidae
Valvala procerus Bussell, 1952
Family Hydrobiidae
Hydrobiidae indet.
Family Pleuroceridas
Elimia sp.
Oxytremal
Table 2. Continued on following Page.

X
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Continued From Previous page
This survey
Russsedl Ross Taylor  Coal Creek mbr.
1952 1956 1959 1975 middle  upper
AQUATIC GASTROPODS
Family Lymnaeidae
Lymnae newmarchi Russell, 1952 X X X
Lymnaea spp. X X X X
Family Physidag
Physa sp. X X X X
Aplexal X
Family Planorbidae
Bramphalaria kishenehnensis Russeli, 1952 X X X X X
M. Gen. A, aff. Hefisoma X b X
Omalediseus n. ap., aff. O cirus White, 1879 X X
Segmentinal n, yp., or n, gen, B, X
Gyraulus n. sp., aff. G, panaes Say, 1817 X X X X
BIVALVES
Farnily inionidae
Elliptio salissiensis Russell, 1952 X X X
Lampsilsis dalyi Russell, 1952
Family Sphaeriidae
Sphaerivm progrediens Russel ] 1952
Sphaerium sp. X X X X
Pisidliurm sp. X X X X

! These species will be described with names as indicated in a paper on the pupillids of the Cabbage Paich beds of southwest Montana

by Pierce and D, L, Rasmussen, paper in review,
"Reported as 8. pseudoammonius Schiotheim, 1820

Table 2. Prefiminary Vst of the malluscan fauna of the Kishenehn Formarion.

American *P." glabrata (Say) was possible. Comparison of rela-
tively wncrushed specimens of “P.” kishenehmensisfrom the middle
sequence of the Coal Creek member with reference specimens of
“P." glabrata shows significant differences thal warrant retaining
“P." kishenchnensis as a separate species. The Coal Creek speci-
maens wiould represent a considerable geographic range extengion
fowr “P.7 psewdoammonius that appears uiwarranted, A ruling by
the International Commission on Zoclogical Momenclature {Opin-
lon 735, 19651 has established precedence for the genus Biompha-
laria for these species, therefore, Biomphalaria kishenehnensis is
used here.

Mebllusks were recovered from three distinct lithofacies in ihe
middle sequence of the Coal Creek member, all in or near the
“Castropod zone™ {Constenius, 1981 ) oil shale, calcareous siltstone-
sandstone, and sapropelic coal, Gastropods recovered from the oil
shale litholacies consisted primarily of large, refatively uncrushed
B. kishenehnensis. Elliptio salissiensis Russell (1952} was also
recovered from this facies, The calcareows siltstonc-sandstone
lithofacies contzined an apparently diverse but almost unidentifia-
bly crushed fauna including smaller planorbids, Elimial, Lym-
naer, immature Elfiptiod, and abundant ostracodes. A diverse
fana of Lymnaea, Physa, B. kishensehnensis, Cmalodisces nsp.,
sraller planorbids, and sphaeriid and immature unionid clams on
bedding planes, were fecovered from the sapropelic coals,

The middle sequence fauna is entirely aquatic, dominated by the

large planarbids 8. kishenchnensis and Omalodiscus n.sp. and
bweks of the bivalve E sasissiensis. These three species provide
conflicting erwironmental data. Biomphalarnia ls a sublropical o
tropical genus, found as far north as the U5, Gulf Coast, inhabiting
larger, often shallow, weedy lakes. Omalodiscus is a Nearctic
genus of Europe and Asia, with a repori from Morh Alrica,
inhabiting generally shallow, standing to slowly flowing water, A
single species, O, pattersoni (F. C. Baker 1938) is knowan from the
Mosth American Plio-Pleistocene, Elliptic is presently found in
lange, sandy bottomed rivers. This suggests a large, permanent, but
not necessanly deep, lake with episodes of very low sediment
input, due either to remate shoreline, baffling, or periodic lack of
coarser clastic sediments. It appears probable that the lake was
relatively warm, probably not unlike the present bayous of south-
em Loulsiana and Texas,

Maollusks were recovered from three lithofacies in the upper
sequence of the Coal Creek member: claystone; very fine b fine
grained, poordy sored sandstone; and marlsione. The faunas from
these facies are very different from thowe of the middle sequence.
The moliusks of the claysione facies, about 50 m below the top of
the Coal Creek memiber, wene so badly crushed during compaction
that anly the smallest species could be recovered intheir entirety.
Fragments recovered from the disaggregated samples were studied
and, in many cases, were useful in establishing the larger taxa.
From these a mixed terrestrialfaquatic fauna was identified. The

-~
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aguatic pontion was dominated by smaller planarbids, to include
small Omalodiscus nsp., a dentate and carinate planorbid tenta-
tively placed in the Eurasian genus Segmenting, a probable new
planorbid genus with aifinity 10 Helisoma and a rather modem
appearing Gyralus nusp. Also found, but less numerous, were
Virlvara procera (Russell 1952}, Lymnaes newmarchi Russell 1952,
another large Lymnaes, a large Physa, Aplexan.sp., and a possible
Elimiat as well as sphaeriid clams and ostracodes. The temestrial
pation wiks quite diverse, The Pupillidae were represented by six
species. Verfigo arenula White 1876 ranges from middle Focene
(upger Groen River Fm., WY) to latest Oligocens - early Mincene
Cabbage Patch beds of southwest Moniana. Pupoides tephroides:
Rasth 1986 is known from the latest Bocene - Oligocene Dunbar
Creek Formation of southwest Montana, The four Gasfrocopts,
n.&p. A-D, ane alws known from the Cabbage Pasch beds, and will
be described as part of the Cabbage Patch molluscan fauna (Pierce
and Rasmussen, in preparation), Additional taxa recovered, usu-
ally ircomplete, inchude Discws mackenziei Russell 1956;
Anguiggira simphex Russell 1956; Cveohelicd; Hawadia sp., of. M.
rminuscyla (Binney 1840} Zomiloides sp., of. Z. arboveous (Say
1816); and Holospira sp., cf. H. tamawlipensis Barsch 1906, From
a similar facies in the North Fork region, a badly crushed and
fragmented  helicoid snail of the family Camacnidae or
Helminthoglyptides, gen. and sp. indel, was recovered, The
sandstone facies, about 20 m below the top of the Coal Creek
member, yielded a small fauna similar 1o the claystone facies. It
was composed of Gastrocopta nasp. A, Vertigo arenula, Holospira
n.sp., several small planorbids, and a large Lymnees. Lastly, a
single, relatively wncrushed Oveoconus was discovered in the
marlstone facies.

The fauna recovened from the upper sequence provide mone
specilic palecenvironmental information than the fauna of the
middle sequence. The aquatic fauna is notable in the absence of
Biomphalaria kishenchnensis. The remaining genera suggest a
large, probably shallow, lake with intermixed and surrounding
marsh, All the genera can be considered Mearctic. Even Elimia,
which has a presend cemder of diversity in the southeast United
States, has an solated branch as far north as the Paciflc Morthwesi.
The large size of the lymnaesd and physid fragments suggest several
seasons of growth in more or less permanent water, The general
impression is of somewhat cooler water than that of the middle
sequence, which may indicate a seasonal effect. The temestrial
species, except for theee peculiarly westen genera, Oveohelix,
Polygyrella, and Binneya, could be assembled quite easily along

the Culf Coast of the United States. If Russell's (1956) Ventridens?
sp. is, in fact, 2 Sagda, the fit would be cven better. The western
genera, with the exception of Polygyrella, whise presence was not
confirmed, are genera tolerant of warmer climates. These fossil
data suggest that the climate during deposition of the upper
sequence of the Coal Creek member, was considerably warmer
than the present, with precipitation adeguate to maintain an
essentially permanent lake and the maoist-hurmid terrestrial lake-
side enviranments required by most of the terrestrial genera. There
is a evidence of seasonality that could be the essentlal difference
between the middle and upper sequence sub-tropical 1o warm
lempeerabe climate change.
Insecis

The first fossil insects from the Kishenshn Formation were
discovened in 1982 by John and Leona Constenius, wha initially
found locust remains. The insect specimens from the Coal Creek
member reveal a wealth of detail seen only in the best specimens.
from such Tertiary shale deposits as the Oligocene Florissant
Formation of Colorado (Fig. 2). Preliminary study (Elias, written
communication, 1948) suggests that the Kishemehn insects repre.
sint maostly a terrestrial, upland fauna of lemperate zone affinities.
A possible exception to this is a species of locust that may have
miore semitropical affinities. The fauna is diverse, with numerous
familbes and orders represented, and contalns herbivores, carmi-
VOES, SCavengers, detritovones and parasites (Table 31

Fishes
Inbial studies of the fossil fishes of the Kishenehn Formation

were carried out independently by Wilsan, w
%EWW—‘—MMMM and by Dr. T. M.
o Mate Liniversity. The combined preliminary
collections include representatives of four families: Amiidae
(howfins), Hiodontidae (mooneyes), Clupeidae (herrings), and
Catostomidae {suckers). OF these families, Amiidae are repre.
sented by one poorly preserved skeleton, and Hiodontidae and
Clupeidae by rare ariculated specimens. Catostomidae are by far
the most abundant (Fig. 5. They are represented by a large series
of aniculated specimens from the lacusirine facies of the Coal
Creek member in the Middle Fodk region, Most of the specimens
are small, with a standard length less tham 3.1 inches (8 cmi.
Howewer, several larger specimens have been found which attain
a standard length of 13.8 inches (35 cm). Preliminary taxonomic
study of this material suggests that more than one species of
Catostomidae in the genus Amyzon is present; therefore, the
number of species in the Kishenehn Formation is at least five.

ORDER ORTHOPTERA
Family Acrididae (locust)

ORDER MEUROPTERA
Family Raphidoldea (snake ily)

ORDER DIPTERA
Family Culcidae (maosquita)
Family Calliphoridae (hlow fly)
Family Syrphidae (e fly)
Family Tipulidae (crane (hy)
Family indel.

ORDER HEMIFTERA
Family Pentatomidae (true bug)
Family indet.

ORDER COLEOPTERA
Family Scarabaeidae fdung beetle)
Family Crysomelidae (beaf beatle)

ORDER HYMENOPTERA
Family Braconidae (parasitic wasp)

Farnily Vespidae [wasp)
Farnily indet.

Tahis 1 Prallminans o ol ihe fneser fauna of tha Fichonahn Farmatinn







200

1989 MGS FIELD CONFERENCE, MONTANA CENTENNIAL

Figure 5. Typical specimens of the catostomid fish Amyzon
from the Kishenehn Formation. A. nearly undisturbed, complote
specimen. B. complete specimen with fin rays, ribs, and jaw
bones disturbed.

Closely related taxa are known from other Eocene and Oligo-
cene lacustrine formations in western North America, including
the Eocene Green River Formation of Wyoming (Grande, 1984,
1985), the Eocene formations of British Columbia and Washington
(Wilson 1977, 1982), the Eocene Clamo Formation of Oregon
(Cavender, 1968; Elder, 1985), and the Oligocene of Florissant,
Colorado (Cope, 1884). A number of other fish-bearing, Tertiary,
lacustrine formations in Montana are important for comparison but
are taxonomically less well known (eg. Cavender, 1977; Elder and
Smith, 1988; Wilson, 1978, 1981). The extreme abundance of
catostomids is similar 10 that occurring in several formations that
are restricted in area and presumably were deposited in lakes of
small to medium size, Altematively, only the Green River Forma-
tion, which was deposited in several much larger lakes, is known
to contain representatives of all four of the families found thus far
in the Kishenehn Formation, although in the Green River Forma-
tion all four taxa do not normally occur in the same localities.
Further collecting in the Kishenehn Formation will likely produce
additional taxa that could clarify these comparisons.

Paleoecological information is contained in the distribution and
state of preservation of fish in differemt layers, Relevant data
include habits of related living species, as well as ages, sizes, and
morphological features of the fossils themselves (Elder and Smith,
1988; Wilson, 1984, 1988a). One particularly important source of
information is taphonomy, the study of conditions of death and
burial based partly on the state of preservation of the fossils (Elder
and Smith, 1988; Wilson, 1988b). The amount and kinds of decay
and disarticulation of each fish can be compared with experimen-
tal data (Elder, 1985; Ekder and Smith, 1988; Smith and Elder, 1985)
and with similar data from other fish-bearing formations (Wilson,
1988a). Taphonomic analysis allows estimates of probable condi-
tions on the lake floor, such as depth, turbulence, and oxygen
content, together with possible causes and timing of death.

Specimens of fossil fish collected thus far consist primarily of
completely articulated y slightly disturbed skeletons (Fig,
5A), including some £xamples of mass-death layers.
disturbance recognized so far include possible ex
bral disturbance by
segments by gentle cu 17
consistent with preservation in the deeper parts of a stratified lake.

The fossil fishes of the Kishenehn Formation have the potential
to contribute significantly to studies of fish systematics and evoly-
tionary paleobiology. The existence of large series of catostomid
specimens from numerous stratigraphic horizons may provide an
opportunity to study Intraspecific variation in one or more fossil
species over time, Finally, taphonomic and environmental data
from the fishes will aid in the reconstruction of Kishenehn paleoecol-
Ogy.

Mammals

The first fossil mammals from the Kishenchn Formation were

found in 1952 by Russell and colleagues working along the North

Fork in British Columbia. The fauna was considered to be Duch- ~

an or Chadronian (Russell, 1954). The only other mammal
from the British Columbia section was reported by McMechan
(1981), who found a partial skull and jaws of an oreodont along
Commerce Creekin 1977, He considered the specimen to repeesent

Merycoidodon sp. . M. culbertsoni and 1o indicate an Orellan —

age.
Dawson began venebrate paleontological work in the Kish-
enehn Formation in 1967, working first at the previously reported
localities of Russell in British Columbia and later discovering new
mammal bearing localities within Glacier National Park near
Kintla Creek. Outcrops of the formation that were examined were
scattered and restricted to cut banks along the North Fork and its
tributaries. In 1980 Dawson began work with Constenius in the
Middle Fork region, This collaboration was continued in 1981,
1985, and 1986, and many promising mammal sites were found.
Preliminary field reconnaissance in the South Fork Basin has
revealed deposits that appear to be appropriate for screen washing,
but no vertebrates have been discovered there so far.
v Kishenehn mammalian fauna (Table 4) is generally
iRe tithas a number of unique features, Forexample, the
lar Thylacaelurus, described as a marsupial (Russell, 1954),
but later referred 10 a new subfamily of Dermoptera (Van Valen,
1967), is known oaly from the Kishenehn Formation. Another
dermopieran, discovered during the 1986 field season {currently
ul Study by McKenna), is known elsewbere only from related

ocene ies (Fig. 2). The occurrence of dermopterans ('ﬂgng

! n the Kishenehn is significant, bécause it may co
rate palecbotanical evidence that subtropical forests bordered the
basin. Flying lemurs are presént today in the tropical forests of
“Southeast Asia, Squirrels are grevalent in the Kishenehn, in contrast
to other Oligocene localities in the wesiern U.S, where they are
“Tare. Lagomorphs are rare, which is unusual for Oligocene strata.
The comyids and cylindrodontids are quite similar to Ofigocene
species from the Great Plains and intermontane basins of south-
west Montana, The cricetid rodent, however, is not a eumyine,
which is the common cricetid group in the plains. The diversity of

aplodontids ar; istic of most known Oligocene
W&%mﬁ
Targer mammals, only artiodactyls have been found. The faunal
province represented by this assemblage, or series of assemblages,

is like no ather assemblage in North America,

CONCLUSIONS

Preliminary work on the pollen, leaves, insects, fishes, and
mammals of the Kishenehn Formation is bringing together lines of
information on the late Paleogene biota of northwestern Montana.
Incc age esti s are provided by the known fossils,
ranging from late Eocene to early Miocene. This suggests, in part,
some time span for Kishenehn deposition, but also seems to reflect
a mixing of floral and faunal types, and thus an environment,
unknown elsewhere. Further study of stratigraphically placed
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ORDER MARSUPIALIA
Famely Didelphidae'
Peratherium spp.
ORDER INSECTIVORA
Family Soricidae Family Erinaceidae
Domnina sp. 1 cf. Ocajila spp.
Domnina sp. 2 Family Talpidae
Family Apternodontidae talpid sp.
Oligoryctes sp.
ORDER CHIROPTERA
ORDER DERMOPTERA
Family Thylacaeluridae’ Family Plagiomenidae
Thylacaelurus montanus n. gen. and sp.
ORDER LAGOMORPHA
Family Leporidae’
Desmatolagus sp.
IMytonolagus sp.
ORDER RODENTIA
Family Aplodontidae Family Cylindeodontidae
2 or 3 spp. Psowdocylindrodon
Family Sciuridae sylvaticus
sclurid sp. 1 cylindrodontid sp.'
sciurid sp. 2 Family Eomyidae
Family Cricetidae Adjidaumo burkei
n. gen. and sp. Adjidaumo sp.
n. gen, and sp. Paradjidaumo alberti
Paradjidaumo sp.
ORDER ARTIODACTYLA
Family Leptomerycidae Family Merycoidodontidac
Leptomeryx sp.! Merycoidodon sp.?
of, L. evansi c.f. M. culbertsoni
'Russell, 1953; *McMechan, 1981; Dawson, unpublished.

Table 4. Preliminary list of the mammalian fauna of the Kishenehn Formation,

assemblages and associated radiometric dates will determine how possible conclusions about temporal variation in paleoenviton-
much of the uniqueness of the Kishenehn asserblages is related to ments. Some of the fish taxa are probably distinct at the species
time span and how much 1o a real floral and faunal mixture of level from species in other blages of comparable age, but the
temporal indicators. genera are fairly typical. Therefore, the assemblage is not greatly
The floral and faunal transitions within the Kishenchn Formatson different from those of similar age elsewhere, More than anything
may reflect climatic cooling that occurred around the Eocene - else, itis the excellent preservation that makes these fish especially
Oligocene transition. For example, the abundant and di luable for phylogenetic and ta ic studies,
mollusks, which are suitable for determining details of enviror

The contral theme of the Kishenehn Basin Study project is to
ments, document Ww_ atain, thmugh the eﬁons of a multidiscipline study team, a
climatic itions middle to upper of 18ive of Kishenehn palececology, paleoen-
the formation, w«mmls. and m‘hmoo!osy Systematic subsidence of the
struction of the lacustrine palecenvironment will be fa. basin has preserved a relatively continuous record of deposition,
cilitated by studying the fossil fish, Of special interest will be however, a detailed reconstruction of the history of the Kisheneha
determination of habas of living relatives, age structure of the death is limited by the exposures, facles and fossil record of these rocks,
assemblage, and taphonomic inferences about causes of death and Summarized in figure 6 is the stratigraphic placement of the various
post-mortem conditions in the lake. There is the potential for these fossil types and tephras utilized in this reconnaissance siudy.
data to be specific with respect 1o stratigraphic layers, leading to Further field investigation and continued interaction of the various
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STRATIGRAPHIC RANGE OF KISBHENEHN FOSSBILS & TEPHRAS

North Fork Reglon

——
B300 M 130238 N tewn

Middle Fork Reglon

Hil

|
l
|

Figure 6. Composite diagram illustrating the stratigraphic position of fossil localities and tephras in the Kishenchn Formation,

disciplines in assaying this network of data should result in a
thorough understanding of the origin and nature of the Kishenchn
Formation.,
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